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Abstract: The aim of this study was to compare the foraging activity of bats in coniferous, decidu-
ous, and mixed forests and to test whether this activity was subject to seasonal variation. Sample
points were selected in stands of similar spatial structure in coniferous (Pinus sylvestris L.), in mixed
(Pinus sylvestris and Quercus petraea (Matt.) Liebl.), and in deciduous (Quercus petraea) managed
forests in western Poland. Bat calls were recorded using automated ultrasound recording devices
(Batcorder 3.0, ecoObs, Niirnberg, Germany) during five consecutive nights from May to September
in each of the six stands. A total of 4250 bat passes were recorded. Overall, 63.1% of bat passes
were identified to species, 31.6% were identified to genus or sonotype group, and 5.3% remained
unidentified. In total, eight species of bats and seven sonotype groups were recorded. The dominant
species in all types of forests were Pipistrellus pygmaeus (44.5% of recorded bat passes), followed
by Nyctalus noctula (10.3%) and Pipistrellus nathusii (5.7%). There were no significant differences in
the total activity of bats between the three types of forests; however, high seasonal fluctuations in
bat foraging activity were found. This study demonstrates that when coniferous, deciduous, and mixed
stands with similar spatial structure are compared, forest type does not affect the foraging activity of bats.

Keywords: Chiroptera; habitat use; forest type; acoustic detection; batcorder

1. Introduction

Forests are a key habitat for bats throughout the world [1-3], and almost half of known
bat species worldwide use trees as roosts for at least part of the year [4]. Forests provide
both foraging and roosting resources for bats, and moreover, bats provide significant
ecosystem services to forests [5], including control of phytophagous insects [6,7]. Thus,
bat conservation in forests is crucial not only for maintaining biodiversity, but also for
sustainable forest management.

Many studies have examined the foraging activity of bats in various types of forests [8-11].
Several studies have shown that bat assemblages respond to forest structure, and in particular,
to forest type, age, and the amount of structural clutter [10,12-15]. Most often, studies of habitat
use have compared deciduous and coniferous forests. Some of them have shown bat activity
to be lower in coniferous forests than in deciduous or mixed forests [16-21]. By contrast, some
showed no difference between these forest types [22-24], and some showed that bat activity
was higher in coniferous forests [25-27]. The question is: why is there such ambiguity in the
results? Additional factors related to the type of forest may be the answer.

Studies of habitat use in mosaic landscapes have sometimes compared bat activity in
intensively managed coniferous plantations with that in deciduous woodlands [12,28-30].
These two types of habitats differ in structural heterogeneity and amount of clutter, which
may significantly affect their usage by bats [10,31-33]. The presence of a high number of
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internal service roads on plantations may also be an important factor, which allow bats to
access and use sites that are otherwise too cluttered [30].

The age of stands may be another factor explaining the differences between forest
types. Coniferous forests—especially plantations, may be younger due to their generally
shorter rotations, whereas bats tend to prefer older forests [11,34,35], which may be due to
the greater availability of roosts in older trees [13,36,37]. Furthermore, when comparing
forest types, their spatial structure is also important. For example, coniferous forests may
have less structural clutter, as in mature pine stands with reduced midstory vegetation, or
they may have more clutter, as in middle-aged densely branched spruce stands.

Coniferous and deciduous forests can also contain different numbers of tree species.
Coniferous stands are often single-species monocultures, while deciduous and mixed
stands usually have a more diverse species composition. In addition, deciduous forests
often grow on more fertile habitats, which may result in higher vegetation diversity and
richer arthropod fauna [38,39]. Furthermore, insect abundance in coniferous forests often
fluctuates due to the higher risk of insect outbreaks in more simplified systems [40]. This
is likely to affect comparisons between forest types if bat activity is recorded over a short
period of time [21,31,41].

Higher bat activity has been observed in deciduous or coniferous forest types de-
pending on the dominant forest composition in the surrounding landscape. Bat activity
was higher in stands that were rarer at the landscape level and potentially provided non-
substitutional resources to bats for both foraging and roosting [31].

Considering how many additional factors have influenced comparisons of bat activity
in different forest types, it becomes important to determine whether deciduous or conifer-
ous forests provide better foraging conditions for bats. To test this, we carried out a study in
selected single-species pine and oak stands and mixed oak—pine stands. We tried to select
sample stands in which the only differentiating factor was forest type, with very limited
influence of other factors. To reduce the influence of fluctuations in insect abundance, bat
recording was repeated over several months (different phenological seasons).

The aim of this study was to compare the foraging activity of bats in coniferous,
deciduous, and mixed forests and to test whether this activity is subject to seasonal variation.
We hypothesize that: (1) foraging activity of bats is lower in coniferous forests than in
deciduous and mixed forests; and that (2) bat activity is greater in late summer and autumn,
when juveniles are foraging along with adults.

2. Materials and Methods
2.1. Study Area

The study area is located in western Poland (Figure 1) in the Wloszakowice Forest
District. In total, 28.4% of the area is covered by mixed, deciduous, and coniferous forests
(Figure 2), managed by the State Forests National Forest Holding according to the forest
management plan. The forests are composed of native tree species, the most abundant being
Scots pine Pinus sylvestris L. (83%), sessile oak Quercus petraea (Matt.) Liebl. (10%), and silver
birch Betula pendula Roth (4%), which consist of several age and size cohorts. These forests
are managed for multiple ecosystem services (e.g., wood and non-wood products, climate
regulation, soil protection, water supply, recreation, biodiversity conservation, etc.). Due to
its commercial use, the forest area is crossed by a network of small roads, which facilitate
the maintenance of equipment on site. Standard management practices are applied in these
forests, including tree planting and natural regeneration, a rotation period of 100-140 years,
and thinning once per decade.

The forests are located in a temperate climate zone. This is a low-elevation area,
110-130 m above sea level. The most common soil type is Brunic Arenosols (74%). The
average annual rainfall is 530 mm, the average temperature is 8.2 °C, and the length of the
growing season is 220 days [42].
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Figure 1. Distribution of sampled stands (see Table 1 for stand description; source of spatial data:
OpenStreetMap.org and https:/ /www.bdl.lasy.gov.pl, accessed on 12 November 2021).
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Figure 2. Three types of stands sampled: coniferous (Pinus sylvestris), mixed (Pinus sylvestris and
Quercus petraea), and deciduous (Quercus petraea).

2.2. Bat Acoustic Surveys

We selected six sample points in stands of similar spatial structure: two in conif-
erous (Pinus sylvestris), two in mixed (Pinus sylvestris and Quercus petraea) and two in
deciduous (Quercus petraea) stands (Table 1, Figure 2). The process of choosing sample
stands was carried out in two stages. First, stands meeting certain criteria (min. area of
2 hectares, only 1 tree layer, located min. 500 m from the forest edge and average DBH of
75-85 cm) were selected in the forest database of the study area (N: 51°53/40”-51°53'00",
E: 16°16'407-16°19'10"). Then, 2 stands for each forest type were randomly selected (using
a random number generator to choose the stand ID). Each sampling plot retained structural
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homogeneity in terms of management and understory cover. The stands were composed of
only two layers: the canopy layer and the understory.

Table 1. Main characteristics of coniferous (PINE-1, PINE-2), mixed (MIX-1, MIX-2), and deciduous
(OAK-1, OAK-2) sampled stands.

Mean Mean Tree
Species Composition Age Stand Densi . Basal Area Stand Volume
Sample Plot F of the Stla)nd (Yegrs) (Trees per Hect?’re) DBH =+ SD Height + SD (m?-ha—1) (m3-ha—1)
(cm) (m)
PINE-1 pine-100% 77 322 352 +7.0 31.1 +£3.0 325 450
PINE-2 pine-100% 75 245 352+71 302+1.9 24.8 334
MIX-1 0ak-77%, pine-23% 122 170 380+74 28.6 + 3.0 20.0 284
MIX-2 pine-76%, oak-24% 102 308 36.4 + 8.8 255432 339 404
OAK-1 0ak-100% 127 168 41.7 £ 9.6 269 + 2.1 24.2 350
OAK-2 0ak-100% 122 165 383+78 26.7 £2.0 19.8 280

DBH—diameter at breast height; SD—standard deviation.

We sampled bats in each of the six stands in 2014 on five consecutive nights of each main
phenological season (characteristic for most temperate bats): gestation period (12-16 May), births
period (18-22 June), lactation period (18-22 July), mating/dispersion period (16-20 August and
13-17 September). All sample points were recorded simultaneously. For each season, we chose
a period in which the forecast did not predict rain. Consequently, rain did not occur on any
survey night. Due to the simultaneous recording, it can be assumed that all sites had similar
weather conditions (wind, temperature, moonlight, etc.). In addition, we collected selected
parameters (average daily temperature and average daily wind speed) from the nearest weather
station and the length of night to analyze their influence on bat activity.

To record bat calls, we used six Batcorder 3.0 automated ultrasound recording devices
(ecoObs, Niirnberg, Germany, http:/ /www.ecoobs.de). Each detector was placed on a tree
located in the interior of the sampled stand (the minimum distance from the edge/nearest
road was 50 m). We selected a tree with a single branch at a height of 4-6 m above ground, on
which the detector was attached. The microphone was angled 30-60 degrees above horizontal.

Batcorders digitally record ultrasonic signals in real time (500 kHz, 16 bit) and use online
analysis to distinguish between bat calls and ultrasound signals from other origins (e.g., bush
crickets). Further strengths of this system are the comparability of results between different
devices (calibrated sensitivity) and the omnidirectionality of the microphone. This system
was originally designed for studies on microhabitat use by bats in forests. The devices were
calibrated and configured by ecoObs, and no further adjustments were made to the settings
(400 ms post-trigger, —27 dB threshold level). The timers of the batcorders were set to record
throughout the night (from 20:30 to 06:00). It should be noted that there is probably a pseudo-
replication of individuals traversing across the sites, and therefore, one individual may be
recorded more than once within and across the surveyed sites. Thus, bat activity is simply the
total number of calls, but does not necessarily indicate the abundance of individuals.

The data (full-spectrum samples) were then fed into bcAdmin 2.0 and Batident 1.5
(ecoObs, Niirnberg, Germany) software for the automatic identification of bat echolocation
calls up to species or sonotype group level. Some of the identifications given by the program
were manually verified (about 30%), especially findings of rare or unusual species for the
habitat. Manual verification was carried out using bcAnalyze 2.0 (ecoObs, Niirnberg,
Germany) software. The basic parameters that were taken into account in the identification
were: call shape, frequency of maximum energy, call duration, and interval between calls.
For manual identification, we used published guides [43—46] and our own library of bat
sounds recorded mainly in western and central Poland (the individuals were recorded by
hand release method after being captured end properly identified).

2.3. Statistical Analysis

One-way ANOVA on ranks was used to find the differences between the activity
of bats in individual months. After rejection of the null hypothesis in a Kruskal-Wallis
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non-parametric test, a multiple comparisons (post hoc) test using Fisher’s Least Significant
Difference Criterion and the Bonferroni correction was performed at a significance level
of 0.05. Data were analyzed using the open-source software R for statistical computing
(Version 4.0.4). Visualization of data was performed with the R package ‘ggplot2’.

These preliminary results were extended by a comprehensive analysis taking into
account weather parameters and the structure of the studied stands. Average daily tem-
perature and average daily wind speed as well as DBH (continuous) were included in
analysis as predictors. Night length was significantly correlated with temperature (Pear-
son’s correlation, r = —0.450, p < 0.001), while tree age, stand density, tree height, basal area,
and stand volume were significantly correlated with DBH (r = 0.87, p < 0.001; r = —0.75,
p <0.001, r=—-0.55,p <0.001, r = —049, p < 0.001, r = —0.41, p < 0.001) and were excluded
from the analysis to avoid collinearity. Poisson generalized linear mixed models (‘glmer’
function in package Ime4 in R) fitted by maximum likelihood using Laplace approximation
have been used to investigate the forest type fix effect. Day was considered in the model as
random-effect slope, and month as well as plot as random-effect intercepts. Analysis of
deviance with Type II Wald chi-square tests was performed with the use of ‘car’ package.
Fixed effects and related confidence intervals were extracted using the ‘tidy’ function
(package ‘broom.mixed” in R). If categorical predictors were significant (criterion p < 0.05),
estimated marginal means (EMMs) were computed (‘emmeans’ (emmeans)) and Tukey
post hoc test conducted (‘cld” (multcomp)).

3. Results

Across all types of forests, a total of 4250 bat passes were recorded. Overall, 63.1% of
bat passes were identified to species, 31.6% were identified to genus or sonotype group,
and 5.3% remained unidentified. In total, eight species of bats and seven sonotype groups
were recorded. The dominant species in all types of forests was soprano pipistrelle
Pipistrellus pygmaeus (Leach, 1825) (44.5% of recorded bat passes), followed by common
noctule Nyctalus noctula (Schreber, 1774) (10.3%) and Nathusius’ pipistrelle Pipistrellus nathusii
(Keyserling & Blasius, 1839) (5.7%). The remaining five species, which made up 2.6% of total
passes, were common pipistrelle Pipistrellus pipistrellus (Schreber, 1774), western barbastelle
Barbastella barbastellus (Schreber, 1774), serotine bat Eptesicus serotinus (Schreber, 1774), Dauben-
ton’s bat Myotis daubentonii (Kuhl, 1817), and greater mouse-eared bat Myotis myotis
(Borkhausen, 1797) (Table 2).

Table 2. Species of bats recorded and identified from coniferous (PINE), mixed (MIX), and deciduous
(OAK) forests.

Number of Bat Passes

No Bat Species/Genus or Sonotype Group Nights with Bat Passes
PINE MIX OAK Total
1 Pipistrellus pygmaeus 107 616 726 668 2010
2 Nyctaloid (Nyctalus sp./Eptesicus sp./ Vespertilio murinus) 85 257 360 151 768
3 Nyctalus noctula 80 179 233 54 466
4 Myotis sp. 77 69 133 59 261
5 Pipistrellus nathusii 76 142 34 80 256
6 Unidentified bat species 43 19 36 185 240
7 Mkm (Myotis daubentonii/M. mystacinus/M. brandtii/M. bechsteinii) 78 45 77 68 190
8 Pipistrellus sp. 44 70 57 51 178
9 Pipistrellus pipistrellus 28 11 16 26 53
10 Barbastella barbastellus 17 4 4 25 33
11 Nycmi (Nyctalus leisleri/Eptesicus serotinus/Vespertilio murinus) 14 6 6 7 19
12 Eptesicus serotinus 11 6 4 6 16
13 Myotis daubentonii 6 1 6 1 8
14 Mbart (Myotis mystacinus/brandti) 6 3 0 5 8
15 Myotis myotis 8 1 7 0 8
16 Plecotus sp. 4 1 0 5 6
TOTAL 150 1430 1699 1391 4520
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There were no significant differences in the total activity of bats between the three
types of forests (coniferous, mixed, and deciduous) in any of the analyzed seasons or for all
seasons combined (Figure 3). However, significant differences in bat activity were found
between months (Table 3). The highest number of bat passes per night for coniferous and
deciduous forests were recorded in August, and for mixed forests in July and August. The
lowest bat activity for all types of forest was recorded in May and June (Figure 3, Table 3).

The most abundant bat genera, Pipistrellus, Nyctalus, and Myotis, were analyzed
separately. For no genus was there any significant differences in bat activity between
coniferous, mixed, and deciduous forest types (Figure 4).

Main phenological seasons for most temperate bats:
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Figure 3. Bat foraging activity in coniferous (PINE), mixed (MIX), and deciduous (OAK) forests for
main phenological seasons characteristic for most temperate bats (from May to September).

Table 3. Mean number of bat passes recorded in different months (phenological seasons) for conif-
erous, mixed, and deciduous forests. Different letters indicate significant differences in bat activity
between months (p < 0.05).

Mean (+SD) Number of Bat Passes per Night

Month (Phenological Season)

Coniferous Mixed Deciduous
May (gestation) 92+127c¢ 88+44Db 6.7 £3.6 bc
June (births) 40+49c 11.0 £ 14.0b 27+31c
July (lactation) 436 £183b 624 £230a 285+ 176D
August (mating/dispersion) 843+ 118a 51.0 £10.7a 69.6 £275a
September (mating/dispersion) 82+ 11.7c¢ 439 +173a 31.6 £27.6b

SD—standard deviation.
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Figure 4. Bat foraging activity in coniferous (PINE), mixed (MIX), and deciduous (OAK) forests for
three genera of bats (Myotis, Nyctalus, and Pipistrellus).

The results of generalized linear mixed models (GLMM) for the effect of the forest type
on foraging activity of all bats (Table 4) were consistent with those of the correlational analyses.
The GLMM analyses showed no effect of forest type (coniferous, mixed and deciduous)
on total activity of bats. In contrast, the GLMM analyses for three genera of bats (Myotis,
Pipistrellus, and Nyctalus) separately yielded different results. GLMM revealed a significant
effect (p < 0.0001) of forest type on bat activity for all genera of bats (Tables 4 and 5).

Table 4. Outcome of analyses of deviance after computation of generalized linear mix models
(GLMM) of bat passes for all bat species together and three genera of bats (Myotis, Pipistrellus, and
Nyctalus) separately.

Variable Source Chisq Df p
Forest type 3.4581 2 0.1774
Temperature 0.0315 1 0.8592
All bats Wind speed 8.3324 1 0.0039 **
DBH 0.9410 1 0.3320
Forest type 39.5001 2 <0.0001 ***
. Temperature 7.1529 1 0.0075 **
Myotis .
Wind speed 45.5172 1 <0.0001 ***
DBH 0.1134 1 0.7363
Forest type 90.6523 2 <0.0001 ***
Pivistrellus Temperature 1.9225 1 0.1656
P Wind speed 1.2691 1 0.2599
DBH 105.7953 1 <0.0001 ***
Forest type 44.4751 2 <0.0001 ***
Nuctalus Temperature 10.3061 1 0.0013 **
Y Wind speed 1.0493 1 0.3057
DBH 2.3368 1 0.1263

Significance level: ** p < 0.01; *** p < 0.001.

Furthermore, the GLMM results showed a significant effect of wind speed on the
activity of all bats (p = 0.0039) and on Myotis (p < 0.0001), as well as an effect of temperature
on Myotis (p = 0.0075) and on Nyctalus (p = 0.0013), and an effect of tree size (DBH) on
Pipistrellus (p < 0.0001).
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Table 5. Estimated marginal means (EMMs) and asymptotic confidence intervals (in parentheses)
of bat passes in coniferous (PINE), mixed (MIX), and deciduous (OAK) forests for all bat species
together and three genera of bats (Myotis, Pipistrellus, and Nyctalus) separately. Results are given on
the log (not the response) scale. Different letters indicate statistically significant (x = 0.05) differences
between EMM computed for factor levels, as a result of post hoc Tukey test.

Forest Type All Bats Myotis Pipistrellus Nyctalus
MIX 325(2.38;4.13)  1.54(1.09;2.00)a 226(1.18;335b  1.74(0.01;3.47)a
OAK 2.85(1.92;3.77) 1.07(0.56;1.58)b  1.63 (0.54;2.72) ¢ 0.38 (—1.38;2.13) b
PINE 3.18(2.26;4.09) 0.89(0.38,1.39)b 2.71(1.63;3.80)a 1.56(—0.18;3.31)a

4. Discussion

In our study, we compared coniferous, deciduous, and mixed even-aged stands of similar
age and very similar spatial structure. The compared forests were composed of only two
layers: the canopy layer and the understory. Below the well-developed canopy they contained
open space with little clutter. Coniferous and deciduous stands were formed by only one tree
species, and mixed stands by two species (oak and pine). We found no significant differences in
bat activity between these sampled stands (differences were only for bat species/genus). This
could indicate that there is no universal pattern of bat preferences for forest type (coniferous or
deciduous). Thus, our findings suggest that the spatial structure of the stand rather than the
forest type determines its attractiveness as a foraging site for bats. Contrary to expectations,
there were no differences in the overall preference of bats for coniferous, deciduous, and
mixed stands. The results did not support hypothesis 1.

We have found very few studies comparing bat activity in coniferous and deciduous
forests of similar age, spatial structure, and clutter conditions (the amount of vegetation
in the forest canopy and understory). This is because these types of forests usually differ
not only in tree species, but also in many other characteristics, such as habitat fertility,
vegetation diversity, layer arrangement, rotation period, and harvesting system. In these
situations, it is difficult to distinguish whether bat activity is affected by forest type or by
some other factor [47,48].

Suitable conditions for determining bat preferences for forest type can be found in the boreal
zone, where pure stands of simple spatial structure are more common. Kalcounis et al. [16]
sampled bat activity in mature stands in Canada to determine differences in activity among
forest types. They found that there was significantly more bat passes per night in mixed wood
than in aspen or pine forest. Wermundsen and Siivonen [25] determined the foraging habitats of
bats in southern Finland. Among the 20 habitat types classified, those most used by bats were
coniferous woodland (29%) and mixed woodland (11%). Vasko et al. [2] studied the presence of
certain boreal bats in different types of forest in Finland. They found that Eptesicus nilssonii shifts
between a preference from coniferous forests to deciduous forests in August and September, but
observed no such trend for Myotis species. In many other studies that have shown differences
in bat activity between forest types, other factors may have influenced the results [10,12,13]. As
in our case, some studies have shown no differences in bat activity between coniferous and
deciduous forests [22-24].

We also performed a comparison of bat activity in different forest types separately
for the most abundant bat genera, Pipistrellus, Nyctalus, and Myotis. The results were
inconclusive, with preliminary analysis of variance on ranks showing no effect and GLMM
indicating a significant effect of forest type on the foraging activity of tested bat groups.
This may mean that despite the lack of effect of forest type on all bats analyzed together,
forest type or even specific tree species may be important for some bat species or groups.

Some other studies also have shown differences in pipistrelle bat activity between different
forests [49]. For example, Pipistrellus pipistrellus foraged more actively in the presence of decid-
uous trees than conifers [21], but the foraging activity of Pipistrellus pygmaeus was higher in a
broadleaved—conifer mix than in broadleaved-only woodlands [50]. In addition, Nyctalus spp.
were found to prefer deciduous or mixed stands [21,31,51]. In turn, Patriquin and Barclay [27]
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indicated that Myotis spp. were more active in conifer forests than in other forest types, but Russ
and Montgomery [17] found that Myotis bats more often selected deciduous stands.

Another aspect of our study was the seasonal variability of bat activity. In all forest
types, the foraging activity of bats was significantly influenced by month (phenological
season). Bats had low activity in May (gestation) and June (births), followed by high activity
in July (lactation) and August (mating/dispersion), and again, low activity in September
(continuation of mating/dispersion). Our results partially supported hypothesis 2. Bats
exhibited greater activity in late summer, but not in autumn. The reason for these differences
may be seasonal changes in foraging strategies associated with reproductive phenology [52,53].
During lactation, females may forage more often in sub-optimal habitats because of the energy
costs of long-distance flights [21,54]. Increased bat activity in late summer may be due to
juveniles foraging along with adults [41]. Conversely, low activity in autumn may be related to
the fact that bats aggregate elsewhere to feed before hibernation [54]. Other reasons proposed
for seasonal variations in bat activity in different forest types include changes in arthropod
abundance [55,56], availability of adequate roosts within particular stands [51,57], and the fact
that roost microclimates differ between seasons [56,58].

Charbonnier et al. [21] sampled bat communities in different periods of the summer
season in pine plantation forests of southwestern France. They reported that bat activ-
ity was significantly lower in June than in the other sampling periods (May and August).
Pereira et al. [54] evaluated bat species’ richness and activity during the three phenological
seasons in managed pine forests in central Portugal. Bat species’ richness and activity var-
ied with the season and was higher in September, when mating, swarming, and dispersion
from nurseries to hibernacula took place; it was lower during the lactation period (July).
Deeley et al. [59] sampled activity of Eptesicus fuscus and Lasiurus borealis in the Mid-Atlantic
region of the United States. They observed lower levels of acoustic call activity during late
summer than in spring. They determined that the highest levels of acoustic activity within the
maternity season were most associated with the lactation period, rather than the period of peak
activity of juvenile bats, as is often assumed. Randall et al. [41] measured Myotis lucifugus bat
activity from June to August in the boreal forest of the southwestern area of Yukon, Canada.
They found that bat activity did not vary significantly with season. Such varied results indicate
the need for further studies of the variability of bat activity in different forest types, combining
multiple spatial and temporal scales across the entire summer season.

5. Conclusions

To date, numerous acoustic studies of the habitat preferences of bats in different forest
types have yielded very inconclusive results, whereby bats were sometimes most active in
coniferous stands and sometimes in deciduous or mixed stands. Such variation in results
is probably a consequence of the fact that coniferous and deciduous forests usually differ
not only in tree species, but also in many other features, especially spatial structure. This
means that the results obtained may have been misinterpreted, since it was not known
which factor could have influenced bat activity.

Our study demonstrates that when coniferous, deciduous, and mixed stands with
similar spatial structure are compared, forest type does not affect the total activity of
bats. However, some bat species may have individual preferences for forest type or
for the presence of selected tree species. This finding may have implications for forest
management. Mature coniferous forests should receive more attention in Europe, as they
represent valuable habitats for bats.

In addition, our study showed high seasonal fluctuations in bat foraging activity.
Therefore, when examining the intensity of bat use of different forest types, it is necessary
to take seasonal variability into account.
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